Abstract. The Japanese Marsh Warbler Locustella pryeri is an endangered species that has two large breeding populations (Hotoke-numa and Tone River) in Japan. These are thought to comprise the same subspecies, although the morphological and genetic data for the two populations have never been compared. Recent body measurements suggest that these two populations may di#er in wing length. In this study, we compared the plumage colorations of these two populations using photospectrometric measurement, and found them to have similar reflectance patterns of plumage coloration. Although we found no di#erence in colours between the two populations, future work should concentrate on describing and comparing the two populations using additional colour data.
Introduction
Presently, many species are threatened with extinction and conservation of wildlife is an important global issue. In many cases, species or subspecies classes, which are identified by morphological or genetic information, are believed to be valid units of conservation. However, phenotypic or genetic di#erences sometimes exist among local populations of the same species, or even subspecies, and such di#erences may be important for genetic diversity. To conserve wildlife e#ectively, we must first consider taxonomic positions at the local population level. If we make mistakes in recognition and undervalue the di#erences among local populations, genetic diversity within species may be lost. For this reason, basic information on morphology or taxonomy at the local population level, as well as breeding biology, is very important for animal conservation.
The Japanese Marsh Warbler Locustella pryeri is endemic to the Far East and is listed as a near threatened species worldwide (IUCN 2009 ) and an endangered species in Japan (Ministry of the Environment 2006). The distribution of this warbler is restricted to Japan and eastern China (Kanai et al. 1993 , Nagata 1997 , and two subspecies are recognised as separate Japanese (L. p. pryeri) and Chinese (L. p. sinensis) populations (Morioka & Shigeta 1993) . The two subspecies di#er in colour: the Chinese subspecies is lighter than the Japanese subspecies (Shigeta 1991 , Brazil 2009 , and therefore each subspecies is believed to be a unit of conservation for this warbler.
The population of the Japanese subspecies is very small, with approximately 2,500 individuals (Ueda 2003) , and it has a restricted distribution with only seven known breeding sites (Kanai & Ueda 1994 , Nagata 1997 . Only two large breeding populations (Hotoke-numa and Tone River) are known in Japan; the others are very small (Ueda 2003) . Therefore, the Hotoke-numa and Tone River populations are of critical importance in conserving this endemic species. The Hotoke-numa population is located in Aomori Prefecture, northern Honshu (40῎41῏N, 141῎22῏E), and the Tone River population is located in central Honshu, on the border between Chiba and Ibaraki prefectures (35῎51῏N, 140῎37῏E), so these two populations are separated from each other by about 600 km. However, they are thought to be the same unit of conservation because they belong to the same subspecies, although the morphological and genetic data for the two populations have never been compared. Presently, morphological information, such as body measurement data, is known only for the Tone River population (e.g., Shigeta 1991, Yamashina Institute for Ornithology 1982), but no information from the Hotoke-numa population exists. From our unpublished data on the Hotoke-numa population, body measurements may di#er between these two populations. The birds from Hotoke-numa have larger body sizes in both sexes than those from Tone River. Table 1 ]. However, the body colour of these populations has not been compared, and the warbler has not been described based on a quantitative colour measurement method. Here, we report quantitative colour measurements from the Japanese Marsh Warbler from both the Hotoke-numa and Tone River populations and compare the morphological characteristics of these two populations.
Methods
Two adult individuals from the Hotoke-numa population and five adult individuals from the Tone River population were used in this study. The samples from Hotoke-numa were collected during the 2009 breeding season. One sample was a female killed by a Sparrowhawk Accipiter nisus, and the other consisted of some tail feathers accidentally lost by a male during capture. The samples from Tone River consisted of three male and two female specimens from the museum collection of the National Museum of Nature and Science of Japan (N.M.N.S.), which were collected during the 2002ῌ2005 breeding seasons. Our body measurements of these specimens fall within those found in the Yamashina Institute for Ornithology's (1982) examination of the Tone River population (see Table 1 ). All of these samples are valuable and very rare, first because it is not permitted to actively collect samples for colour measurements because such measurements stress living warblers during the breeding season, and second because neither the N.M.N. S. nor the Yamashina Institute of Ornithology (Y.I.O.), which house the two largest ornithology collections in Japan, have any specimens from the Hotoke-numa population (The Y.I. O. has a single Japanese Marsh Warbler specimen collected during the breeding season (Yamashina Institute for Ornithology 2010), but we did not use this specimen for our study because it was old and discoloured). We measured spectral reflectance using an Ocean Optics (Dunedin, FL, USA) USB2000 spectrometer and stored the data in a laptop computer running OOIBASE32 software (range 300ῌ700 nm). The measurements covered both the human visible colour range and the ultraviolet range, with PX-2 (Ocean Optics) as the light source. Readings were taken from a circular area with a diameter of approximately 4 mm at a 90ῌ angle to the sample. In addition, dark and white standard (WS-1, Ocean Optics) measurements were taken before measuring each sample. We selected four body regions (a brown region on the back, flank, tail and a black region on the tertials) and took reflectance measurements from five randomly selected areas in each body region.
Results
The reflectance data for each body region and population are shown in Figure 1aῌd . In the Tone River population, the reflectance of females and males had the same sequence pattern and either overlapped each other or di#ered only slightly. The Hotoke-numa and Tone River populations had similar reflectance patterns, and the reflection data of the Hotoke-numa population overlapped those of the Tone River population or were only slightly di#erent.
It is well known that avian vision di#ers from human vision (Bennet et al. 1994) . For example, the Blue Tit Parus caeruleus shows sexual dichromatism in the ultraviolet colour region (Hunt et al. 1998) , which is not visible to human eyes. However, our quantitative data on the warblers showed very little UV reflection. We believe that there is no di#erence in colours (including the UV region) between the two populations, although wing length di#ers. Future work should concentrate on describing and comparing the two populations using colour data from more individuals, and include morphological characters other than colour as well as genetic sequence data from DNA. 
